Heparin-binding proteins (designated BHB-2\p=n-\BHB-9) were isolated from boar seminal plasma by affinity chromatography on heparin immobilized on polyacrylamide gel, followed by reverse phase HPLC. According to their N-terminal amino acid sequences, BHB-3\p=n-\BHB-5 belong to the AQN family of spermadhesins and BHB-7\p=n-\BHB-9to the AWN family. BHB-6 is composed of two different proteins. The dominant protein (14 kDa) has the N-terminal amino acid sequence HNKQEGRDHD that is identical to the sequence of human semenogelin at positions 85\p=n-\94. 
Introduction
Mammalian fertilization is a complex process involving a series of events that include sperm capacitation, gamete recognition and binding to the ovum. A series of interactions between molecules located on the surface of both gametes participate in the individual events of fertilization.
Boar spermadhesins are multifunctional proteins located on the sperm surface Töpfer-Petersen et al, 1995) that participate in various types of interaction either with components of the zona pellucida or with substances that are present in the natural environment of both gametes. Some physicochemical and binding properties of spermadhesins of the AQN and AWN families and porcine seminal plasma protein I (PSP-I) spermadhesin have already been described (Calvete et al., 1993a; Kwok et al, 1993; Sanz et al, 1993; Jonáková et ai, 1995; Liberda et al, 1997a; Tichá et al, 1998) . Some spermadhesins interact with the zona pellucida (Jonáková et al., 1991; Parry et al, 1992; Calvete et al, 1993a; Töpfer-Petersen et al, 1995) . In addition, some have an affinity for heparin and bind protease inhibitors (Parry et al, 1992; Sanz et al, 1992; Calvete et al, 1993b) . Previous studies showed that the binding properties of AQN and AWN spermadhesins depend on their glycosylation (Calvete et al, 1993a; Calvete et al, 1993b) . The complete amino acid sequences of several spermadhesins have been reported (AQN-1, AQN-3, AWN, PSP-I, PSP-II, bovine acid seminal fluid protein (aSFP) ). These proteins are composed of 109-133 amino acid residues, contain two conserved disulphide bridges and have 40-60% amino acid sequence identity (reviewed in Töpfer-Petersen et al, 1995) .
The present study deals with a detailed characterization of separated proteins of the heparin-binding fraction of boar seminal plasma. [3] [4] [5] [6] [7] [8] [9] [10] and the low molecular mass protein standards were purchased from Serva (Heidelberg).
Immobilization of heparin was achieved by coupling the polysaccharide to poly(acrylamide-allylamine) copolymer using the carbodiimide reaction as described by Tichá et al. (1994) . A water soluble poly(aciylamide-allylamine) derivative of heparin was prepared using the method of Klein et al. (1995) . The reaction described by Liberda et al. (1997b) was used for the preparation of a fluorescein-labelled derivative of avidin (FITC-avidin).
Purification ofheparin-binding proteins
Boar seminal plasma stored at -20°C was thawed and centrifuged for 10 min at 10 000 g. The seminal plasma was then diluted 1:1 with PBS (pH 7.3, 20 mmol phosphate L1 containing 150 mmol NaCl l"1) and applied (50 ml) to a heparin-polyacrylamide column (30 mm 75 mm) preequilibrated with the same buffer (Tichá et al., 1994) . Nonadsorbed proteins were washed off with the starting buffer and the bound proteins were eluted with 3 mol NaCl l-1. Hedrick and Wardrip (1986 Einspanier et al, 1994) . Carboxymethylcysteine was determined after hydrolysis for 24 h. For amino sugar analyses, the samples were hydrolysed with 4 mol HC1 l·1 at 110°C for 4 h and analysed using a T339 amino acid analyser (Mikrotechna, Praha) . N-terminal amino acid sequences were determined automatically on the Applied Biosystems 470 A protein sequencer. Program 02R PTH was used and phenylthiohydantoin derivatives of the amino acid residues were analysed by HPLC (Tsunasawa et al., 1985) . N-terminal acid sequencing of BHB-2 and the proteins from BHB-6 was performed using a gas-liquid phase protein sequencer (Beckman LF 3600, Fullerton, CA) following the manufacturer's instructions. Searches for amino acid similarities were carried out using the protein sequence deposits in the BLAST-BASIC e-mail server databank (Altschul et al, 1990 ).
Electrophoresis and blotting SDS-PAGE was carried out on 15% slab gels as described by Laemmli (1970) and blotting onto nitrocellulose sheets was carried out as described by Towbin et al. (1979) . The (Fig. 1) . Rechromatography was used for further purification of BHB-2, BHB-3, BHB-6 and BHB-7. Purified protein fractions were characterized by amino acid analysis and N-terminal sequence determination (Table 1) . Most of the proteins are of basic character with relatively high isoelectric points (pi values in the range 8.5-9.3), with the exception of the BHB-6 fraction (Table 1) . Single Nterminal amino acid sequences were determined for all of the protein fractions obtained, with the exception of BHB-6 and BHB-9. These results showed that proteins in the BHB-3-BHB-5 fractions belong to the AQN family of spermadhesins, and proteins in the BHB-7-BHB-9 fractions belong to the AWN family of spermadhesins (Jonáková et al, 1991; Sanz et al., 1993 (Fig. 2) (-) . The inset shows SDS-PAGE of the Chromatographie fractions under non-reducing conditions. Lane 0, standard molecular mass markers in kDa (bovine serum albumin, egg albumin, carbonic anhydrase, ribonuclease, cytochrome C); lanes 2-9, purified heparin-binding proteins in fractions BHB-2-BHB-9. (Fig. 3) Fig. 4 . The control with nonimmune serum was negative (not shown). Figure 4a shows that biotinylated DQH attached to the acrosome of epididymal spermatozoa. Similar results were obtained with spermatozoa treated with biotinylated AQN-1 and AWN-1 (Fig. 4b, c) .
Agglutination ofsplenocytes
The addition of 250 or 100 pg DQH ml·1 cell suspension of splenocytes was followed by 80-90% agglutination of splenocytes (Fig. 5) (Lilja and Jeppsson, 1985) that is a cleavage product of the human vesicle protein semenogelin I. The enzyme responsible for the cleavage is a prostate kallikrein-like protease (Robert et al, 1997) . The presence of a semenogelin-like protein or its degradation product (HNK protein) among boar heparin-binding proteins has not been reported so far. Determination of N-terminal amino acid residues of the DQH protein showed that this protein is characterized by homology to the main acidic proteins of bull seminal plasma (PDC-109 and BSP-A3) (Seidah et al, 1987) and to HSP-1 and HSP-2 of stallion seminal plasma . Affinity chromatography experiments showed that the DQH protein bound to gelatin-agarose, as does bull or stallion major seminal protein Calvete et al, 1995) .
The DQH protein also showed phosphoryl choline-binding ability as do the bull major seminal proteins (Calvete et al, 1996) . All these proteins isolated in this study also exhibit a very high level of sequence homology with the collagen binding domain of the type II in fibronectin (Bannayi et al, 1990). The bull and stallion seminal plasma proteins play an important role in the process of sperm capacitation caused by heparin-like glycosaminoglycans (Tichá et al., 1998) 
